Introduction
Tumor necrosis factor a (TNFa) is a potent proinflammatory cytokine with important roles in control of immune and inflammatory responses as well as cell cycle proliferation and apoptosis (Tracey and Cerami, 1993) . TNFa stimulation can result in the activation of a caspase cascade leading to apoptosis (Chang and Yang, 2000) , but more commonly causes activation of two major groups of transcription factors, activator protein-1 (AP-1) and nuclear factor kB (NF-kB) (Barnes, 1997; Karin et al., 1997) . The genes induced by AP-1 and NFkB, such as IL-6, Rantes, 12-lipoxygenase, and IL-8, are involved in chronic and acute inflammatory responses, but some, such as cIAP2, Bcl-xL, and 14-3-3Z, also act to suppress TNFa-induced apoptosis (Leong and Karsan, 2000; Manos and Jones, 2001) . These data are in accord with studies demonstrating that inhibition of NF-kB potentiates the cytotoxicity of TNFa. Transfection of several human tumor lines with a dominantnegative form of the NF-kB inhibitor IkBa rendered them each more susceptible to the apoptotic effects of TNFa (Van Antwerp et al., 1996; Wang et al., 1996) . In addition, sulindac, an NSAID inhibitor of NF-kB activation, was shown to enhance significantly TNFamediated apoptosis of several lung cancer cell lines (Berman et al., 2002) . Since a number of standard chemotherapy agents act like TNFa to both promote apoptosis and activate NF-kB, understanding the role of NF-kB in suppressing apoptosis may have significant clinical applications.
NF-kB transcription complexes are comprised of a variety of homo-and hetrodimers formed by p50, p52, p65 (RelA), RelB, and c-Rel subunits. The most common form of NF-kB consists of a p50 and p65 heterodimer (Baeuerle and Henkel, 1994; Thanos and Maniatis, 1995) . This complex is present predominantly in the cytoplasm, where it is bound to a group of inhibitory proteins known as inhibitors of NF-kB (IkBs) (Verma et al., 1995) . In response to a variety of stimuli, such as the cytokines TNFa and interleukin-1 (IL-1), the IkB proteins are phosphorylated by the IkB kinase (IKK) signalosome, are ubiquitinated, and are subsequently degraded by the proteasome (Chen et al., 1995; Karin and Ben-Neriah, 2000) . This process results in translocation of NF-kB to the nucleus, where it binds to kB sites located in the promoter region of a variety of genes and activates their expression.
In this study, we systematically investigated TNFainduced gene expression in HeLa cells using cDNA microarrays. In order to identify NF-kB-regulated genes involved in the antiapoptotic and proinflammatory responses to TNFa, NF-kB expression was disrupted using small interfering RNA (siRNA) directed against its p65 subunit. TNFa-inducible expression profiles in the presence and absence of NF-kB were then compared. All results were validated using real-time, quantitative PCR. A number of known TNFa-inducible, NF-kB-dependent genes were identified in addition to several novel targets of NF-kB. As both pro-and antiapoptotic genes were regulated by NF-kB, these studies demonstrate that targeting specific downstream genes of NF-kB may be more effective than targeting NF-kB itself for augmenting apoptosis in response to TNFa.
Results

Microarray analysis of gene expression induced by TNFa
To investigate systematically genes that are induced by TNFa, a custom-made 23k human cDNA microarray was used. HeLa cells were stimulated with TNFa for either 30 min or 4 h. Cells were harvested and total RNA was extracted and reverse transcribed into cDNA using Cy5 (unstimulated)-and Cy3 (stimulated)-labeled dCTP for two-color microarray analysis. Two independent experiments were performed, and each experiment was hybridized to two microarrays, for a total four arrays per sample pair. The array data were subject to a simple algorithm (see Materials and methods) to set a lower bound threshold and to normalize for unequal incorporation of label. Then, average ratios and their standard deviations (s.d.) were calculated. Genes with an s.d. less than the average ratio were sorted in descending order of the average ratios. Two upregulated gene lists were obtained for each time point (30 min and 4 h after TNFa stimulation). The first list identified 59 genes with an average ratio of at least threefold upregulation after 30 min of TNFa stimulation (Table 1) . The second list showed 61 genes with an average ratio of at least 2.5-fold upregulation after 4 h of TNFa stimulation (Table 2) . There were no genes at either time point that were downregulated by TNFa by Xtwofold.
From these two lists, a number of genes were chosen for verification and further analysis. Using the MarC-V software, only those genes showing a confidence score of 35% or higher were considered. This excludes genes whose mean intensity was low and thus had a higher level of uncertainty associated with them. In addition, a cluster program developed by Michael Eisen (Eisen et al., 1998) was used to give a gene priority if it clustered together with known TNFa-induced genes (data not shown). Each gene was first sequenced to confirm its identity and then the array data were validated using SYBR Green quantitative, real-time PCR. A total of 16 confirmed genes were induced by TNFa at either 30 min or 4 h, or at both time points, as shown in Table 3 . These genes included GRO-1, IL-6, MCP-1, Egr-1, JunB, MKP-1, IkBa, A20, B94, syndecan-4, SOD-2, COX-2, PGES, TIEG, NK4, and ETR101. While most of the genes are known to be induced by TNFa, the last three have not previously been reported to be TNFa inducible.
TNFa induced gene expression profiles
Real-time PCR provides an effective and accurate method to quantify messenger RNA levels (Bustin, 2000) . Figure 1 shows the short-term (30 min) and longterm (4 h) effects of TNFa on the mRNA levels of the 16 genes observed by microarray analysis to be upregulated by TNFa stimulation. Three patterns of gene expression were noted. In the first pattern, expression of the gene was rapidly elevated at 30 min, then declined at 4 h ( Figure 1a ). This group included seven genes: IL-6, GRO-1, Egr-1, TIEG, ETR-101, MKP-1, and JunB. In the second pattern, expression of the gene increased more slowly, with elevated levels noted only at 4 h ( Figure 1b) . This group included MCP-1, B94, SOD-2, NK4, and PGES. In the third pattern, the expression of the gene increased rapidly and maintained a high level of expression relative to unstimulated cells ( Figure 1c ). This group included A20, IkBa, COX-2, and syndecan-4.
NF-kB dependence of TNF-a-induced genes
To analyse the role of NF-kB in the TNFa-induced expression of these 16 genes, RNA interference (RNAi) was utilized to disrupt expression of the p65 subunit of the NF-kB transcription factor. RNAi is evolutionarily conserved in plants, worms, and flies, and recently has been demonstrated to function in mammalian cells . The use of RNAi in mammalian cells involves the transfection of an annealed 21-mer of sense and antisense RNA oligonucleotides (siRNAs) corresponding to a portion of a gene of interest. These RNAs then specifically bind to the cellular RNA and activate a process that leads to degradation of the mRNA and a subsequent 80-90% decrease in the levels of the corresponding protein (Caplen et al., 2001; Harborth et al., 2001; Dudley et al., 2002) . This analysis was performed because NF-kB is one of the two major transcription factors activated by TNFa and is the primary regulator of the antiapoptotic response induced by TNFa (Krikos et al., 1992; Wu et al., 1998; Baud and Karin, 2001 ). HeLa cells were evenly divided into two groups. One group was transfected with annealed, double-stranded RNA oligonucleotides (siRNA) directed against NF-kB p65, while the other group was treated with only oligofectamine as a control. Previous studies showed that unrelated siRNAs, including those directed against the HTLV-I tax gene and the HIV-1 reverse transcriptase gene, do not alter the TNFa response and give equivalent results to oligofectamine alone. In addition, expression of over 14 genes, including p-65, IKKa, IKKb, cyclin D1, APC, and cJun, has been examined in the presence of siRNA directed against tax or with oligofectamine alone, and there is no difference in expression levels (Takaesu and Gaynor, unpublished data). Thus, cells transfected with siRNA against p65 or with oligofectamine alone were treated with TNFa for 30 min and 4 h. Figure 2 shows that the expression of p65 was blocked in the p65 RNAitreated cells and that its expression was not affected by Identification of NF-jB-dependent-genes induced by TNFa A Zhou et al TNFa in the control group. Real-time PCR was then used to quantify accurately differences in the expression levels of the 16 TNFa-stimulated genes after treatment with siRNA directed against p65. Figure 3 shows the relative amount of mRNA from the 16 genes. The results indicate that the expression levels for 12 genes were significantly blocked by p65 siRNA at both the 30-min and 4-h points, while expression levels of PGES and JunB were only inhibited at the 4-h time point. Expressions of Egr-1 and MKP-1 were not affected at either time point by p65 siRNA. These results indicated that the majority of the TNFa-inducible genes were regulated by NF-kB.
TNFa-induced, NF-kB-dependent protein expression
Western blot analysis and ELISA were used to confirm that changes in gene expression for three of the genes noted by real-time PCR to be elevated by TNFa and dependent on NF-kB were consistent with changes at the protein level. It is known that in normal cells, IkBa protein is degraded immediately after TNFa stimulation and then is transcribed in response to NF-kB activation, leading to increased protein levels. However, as shown in Figure 4a , after the initial decrease, IkBa protein levels never increased in the cells treated with siRNA directed against p65. This confirms that re-expression of IkBa after TNFa stimulation is dependent on the NFkB pathway. COX-2 protein levels were also examined by Western blot. COX-2 protein levels were elevated in response to TNFa, and these increases were partially blocked in cells treated with siRNA directed against p65, consistent with the real-time PCR data. Finally, ELISA was used to quantify the levels of GRO-1, which is a secreted protein that serves as a growth factor for melanomas and also promotes chemotaxis of granulocytes and endothelia (Dong et al., 1999) . Although increases in GRO-1 mRNA levels were noted within 30 min of TNFa stimulation, GRO-1 protein levels were elevated significantly only at 4 h of stimulation. This is likely because of the time necessary for translation, secretion, and accumulation of this protein. As shown in Figure 4b , p65 RNAi effectively blocked GRO-1 expression, consistent with the dependence of GRO-1 on NF-kB as noted by the quantitative real-time PCR analysis.
Promoter analysis of TNFa-inducible genes NF-kB regulates gene expression through binding to promoter elements found in a variety of cellular genes with the DNA sequence GGGYNNRRCC (Le Bail et al., 1993 ). An attempt was made to correlate the existence of NF-kB binding sites in the promoter region of each of the genes induced by TNFa with their regulation by siRNA directed against p65. As listed in Table 4 , the promoter regions of most genes, for which siRNA directed against p65 showed an inhibitory effect, are known to contain one or more functional NF-kB binding sites. These genes include A20, COX-2, GRO-1, IkBa, IL-6, MCP-1, SOD-2, and Syndecan-4. Several genes, including B94, ETR101, NK4, and TIEG, have putative NF-kB binding sites in their 5 0 flanking region, as determined by a search of each of these sequences with the GeneRunner software. As siRNA results indicated that these genes were dependent on NF-kB for their expression, the putative NF-kB promoter elements are likely functional. Although JunB contains several NF-kB sites in a downstream enhancer region (Brown et al., 1995) , it appeared to be minimally Identification of NF-jB-dependent-genes induced by TNFa A Zhou et al Figure 1 TNFa-inducible gene expression profiles in HeLa cells. HeLa cells were stimulated with 20 ng/ml TNFa for 30 min or 4 h, and RNA was extracted. This RNA was used to prepare cDNA that was subject to real-time PCR to quantify the mRNA level of each gene. Each sample was run in triplicate, and the relative amount of mRNA was normalized to the 18S RNA content in each sample. Normalized expression values (specific gene expression levels/18s expression levels) are presented. Column 1: unstimulated cells; column 2: 30 min after TNFa stimulation; column 3: 4 h after TNFa stimulation. Data points are represented by the mean7s.d. of triplicate wells. Each RNA sample represents a pool of RNA samples from two independent biological experiments Identification of NF-jB-dependent-genes induced by TNFa A Zhou et al dependent on NF-kB for its expression. No NF-kB binding sites were found in the sense orientation in the upstream region of the PGES gene, despite the fact that this gene appeared to be dependent on NF-kB expression at the 4-h time point. It is possible that like JunB, it contains a downstream enhancer that binds NF-kB or that its dependence on NF-kB is indirect. The upstream regions of both Egr-1 and MKP-1 contain NF-kB sites but the siRNA analysis did not indicate a dependence on NF-kB for their expression. It is possible that these sites are not functional or that they are not necessary for TNFa-induced expression of these two genes. Thus, these data show that NF-kB dependence, as revealed by the RNAi experiments, correlates well in cases in which a gene has been shown to have a functional NF-kB promoter element (i.e. A20, COX-2, GRO-1, IkBa, IL-6, MCP-1, SOD-2, and Syncean-4). For several additional genes, our sequence and p65 RNAi data provide the first evidence of the existence of functional NF-kB elements in their promoters.
Discussion
TNFa, an inflammatory cytokine with cytotoxic properties, acts like many standard chemotherapeutic agents to both promote apoptosis and activate the transcription factor NF-kB. Since several studies have shown that inhibition of NF-kB potentiates the cytotoxicity of TNFa, understanding the mechanism by which NF-kB carries out this function may be of clinical significance. If 
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A Zhou et al specific downstream targets of NF-kB were identified that were critical for its antiapoptotic effects, specific chemotherapeutic agents that targeted these genes could be given in concert with standard agents for more effective induction of apoptosis in the tumor. To better understand the downstream effects of stimulation with TNFa and the role of NF-kB in regulating the response to TNFa a 23k human cDNA microarray was used to systematically screen TNFa-inducible genes in HeLa cells. Quantitative, real-time PCR verified the expression changes in 16 of these genes. Using RNA interference to disrupt expression of the p65 subunit of the transcription factor NF-kB, all but two of the genes were shown to depend on NF-kB for their expression. Inflammatory, proapoptotic, and antiapoptotic genes were dependent on NF-kB, demonstrating the wide variety of targets of the NF-kB signaling pathway and the necessity of differentiating among these genes for therapeutic purposes. Three patterns of gene expression were noted. In the first pattern, expression of the gene was rapidly elevated at 30 min following TNFa stimulation and then declined by 4 h post-treatment. This group included seven genes: IL-6, GRO-1. Egr-1, TIEG, ETR101, MKP-1, and JunB. In the second pattern, expression of genes increased more slowly with elevated levels noted only at 4 h (Figure 1b) . This group included MCP-1, B94, SOD-2, NK4, and PGES. In the third pattern of TNFainducible gene expression, there was rapid and sustained upregulation of the gene after stimulation. This group included A20, IkBa, syndecan-4, and COX-2.
Although no clear pattern emerges from an analysis of the function of these genes and the timing of their expression, there are a few points worth noting. First, NF-kB regulates the expression of genes whose function includes inflammation (COX-2, IL-6, GRO-1, PGES, and MCP-1), apoptosis or decreased cell growth (TIEG, JunB), survival or cell growth (Syndecan-4, A20, SOD-2, and COX-2), and a variety of other functions (B94, NK4, IkBa, and ETR101), including hematopoiesis and feedback regulation of the NF-kB pathway. Since genes with opposing functions are activated, in order to augment apoptosis in response to TNFa, it may be more effective to target the downstream antiapoptotic genes controlled by NF-kB rather than NF-kB itself. In fact, in these HeLa cells, disruption of NF-kB expression by siRNA directed against p65 did not significantly enhance apoptosis in response to TNFa (data not shown). Experiments examining the role of the identified antiapoptotic genes in regulating TNFa-induced apoptosis are now under way. Second, all genes with a proposed role in feedback regulation of the NF-kB pathway, such as A20 and IkBa, are induced early. Third, the delayed kinetics of expression of SOD-2 after TNFa stimulation may be due to a dependence on Egr-1 for its transcription as is seen in other systems. For example, after stimulation with PDGF, it is known that SOD-2 expression is regulated by Egr-1 . Finally, the kinetics of COX-2 and PGES expression correlate well with their known roles in prostaglandin synthesis. COX-2, which is expressed earlier than PGES, is needed for an earlier step in prostaglandin synthesis than is PGES.
Overall, the results obtained in this study are twofold. First, this study systematically screened TNFa-induced genes using cDNA microarrays, and confirmed, using real-time PCR, 16 genes including three novel targets that are upregulated following TNFa stimulation. A If no NF-kB element was previously described, the gene was subject to a computer motify search, and the distance of the identified site from the ATG start codon is identified. A star indicates the element was found on the reverse strand. b Accession numbers of the chromosome clone that contains the upstream sequence of the gene used for the computer motif search if applicable (N/A: not applicable)
Identification of NF-jB-dependent-genes induced by TNFa A Zhou et al number of genes identified here agree with the results of a recent study examining TNFa-induced genes in human vein endothelial cells (Murakami et al., 2000) , including A20, B94, IkB, and members of the GRO and interleukin families. Second, by using siRNA directed against p65, the dependence of these genes on the transcription factor NF-kB after TNFa induction was investigated. The results correlated well with the existence of NF-kB binding sites in the promoter regions of these genes. As both pro-and antiapoptotic genes are regulated by NF-kB, these studies demonstrate that targeting specific downstream genes of NF-kB may be more effective than targeting NF-kB itself for augmenting apoptosis in response to TNFa.
Materials and methods
SiRNAi transfection and RNA preparation
HeLa cells used for siRNA transfection were cultured in DMEM (Gibco BRL, Rockville, MD, USA), supplemented with 10% fetal bovine serum (FBS) (Gibco BRL), 2 mm l-glutamine, 50 U/ml of penicillin, and 50 mg/ml of streptomycin. Approximately one million cells were plated per six-well plate in DMEM with 10% FBS and 1% glutamine. The following day, siRNAs were transfected using oligofectamine (Invitrogen, Carlsbad, CA, USA) at a final RNA concentration of 50 nm per well. The sense p65 oligonucleotide (5 0 -GCCCUAUCCCUUUACGUCdTdT-3 0 ) along with its corresponding antisense oligonucleotide was synthesized and annealed according to the manufacturer's instructions (Dhamacon Research, Lafayette, CO, USA). After 72 h, the cells were stimulated with 20 ng/ml TNFa (Roche, Indianapolis, IN, USA) for various amounts of time. The cells were harvested, total RNA was extracted using the RNeasy kit (Qiagen, Valenica, CA, USA) and treated with the DNA-free kit (Ambion, Austin, TX, USA) according to the manufacturer's instructions to remove residual genomic DNA.
cDNA microarrays
Three clone sets consisting of approximately 23 000 cDNA clones were purchased from Research Genetics (Huntsville, AL, USA). The first set contained 9592 individual clones from Research Genetics' Human Sequence Verified Set plates 1-100. The second set consisted of approximately 5700 cancerrelated genes chosen by our group from the National Cancer Institute Cancer Genome Anatomy Project (CGAP) website. The third set consisted of the 7500-gene Sequence Verified Human Known Gene Set from Research Gentics. Plasmid DNA was prepared by using the Real Prep 96 kit (Qiagen). Clone inserts were amplified by PCR using vector-specific primers (universal forward 5 0 -CTGCAAGGC-GATTAAGTTGGGTAAC-3 0 , universal reverse 5 0 -GTGAG-CGGATAACAATTTCACACAGGAAACAGC-3 0 , pCMV-SPORT6 forward 5 0 -ACGGCCAGTGCCTAGCTTAT-3 0 , and pCMV-SPORT6 reverse 5 0 -CACAGGAAACAGCTAT-GACCA-3 0 ). PCR products were precipitated with isopropanol, resuspended in 3 Â SSC, and printed on polylysine-coated glass slides using a BioRobotics (Woburn, MA, USA) MicroGrid II arrayer. Printed slides were crosslinked by UV irradiation and postprocessed by conventional methods (DeRisi et al., 1997) .
Array hybridization and scanning
Total RNA (25 mg) from sample/control was reverse transcribed into cDNA using Superscript II (Invitrogen) with oligo dT primers (Invitrogen), and Cy3-(sample)-and Cy5-(control)-labled dCTP (Amersham, Piscataway, NJ, USA). After purification through an AutoSeq G-50 column (Amersham), and concentration with a Microcon centrifugal filter (Millipore, Bedford, MA, USA), the cDNA's were combined and hybridized to the cDNA array in a solution containing 10 mg Cot-1 DNA (Invitrogen), 32 mg tRNA (Sigma, St Louis, MO, USA), 10 mg polyA RNA (Sigma), 4 Â SSC and 0.25% SDS. After an overnight hybridization at 621C, slides were washed, scanned using a GenePix 4000B Scanner (Axon Instruments, Union City, CA, USA) and analysed by GenePix Pro software bundled with the scanner. Data were normalized using spreadsheet-based software (MarC-V) developed at UT Southwestern Medical Center (Schageman et al., 2002) to control for uneven incorporation of dyes. In brief, a lower-bound thresholding calculation is first performed such that no background subtracted intensity value is less than a threshold value. This threshold is calculated for both the Cy3 and Cy5 channels based on many internally replicated negative controls that consist of SSC solvent alone. Once the threshold has been applied, ratios are computed for each element and log transformed (base 10). Finally, a ratio normalization step is performed. Each log ratio is normalized by multiplying each denominator by a normalization coefficient defined as 10 raised to the mean log ratio of the entire array. Average ratios from duplicated arrays and their standard deviations (s.d.) were calculated. Genes with an s.d. less than the average were sorted in descending order of the average ratios. Further verification and analysis was then focused on the resulting genes.
Quantitative real-time PCR
For validation of array results, cDNA was prepared from a pool of total RNA of two independent experiments, using a combination of oligo-dT and random primers and Superscript II (all from Invitrogen). PCR primers for each gene were designed using Primer Express software (Applied Biosystems, Foster City, CA, USA), with a melting temperature at 58-601C and a resulting product of approximatley 100 bp. Each PCR was carried out in triplicate in a 20 ml volume using SYBR Green Master Mix (Applied Biosystems) for 15 min at 951C for initial denaturing, followed by 40 cycles of 951C for 30 s and 601C for 30 s in the ABI Prism 7700 sequence Detection System. cDNA prepared from Universal RNA (Stratagene, La Jolla, CA, USA) was used to construct a standard curve for each gene. Values for each gene were normalized to expression levels of 18S RNA. The primers used for PCR analysis were: 18S forward, 5 0 -AGGAATTGACGGAAGGGCAC-3 0 , reverse, 5 0 -GGACATCTAAGGGCATCACA-3; A20 forward, 5 0 -CTGCCCAGGAATGCTACAGATAC-3 0 , reverse, 5 0 -GT GGAACAGCTCGGATTTCAG-3 0 ; COX-2 forward, 5 0 -CAC CCATGTCAAAACCGAGG-3 0 , reverse, 5 0 -CCGGTGTTGA GCAGTTTTCTC-3 0 ; GRO-1 forward, 5 0 -AGGAAGCTC ACTGGTGGCTG-3 0 , reverse, 5 0 -TAGGCACAATCCAGG TGGC-3 0 ; IkBa forward, 5 0 -GATCCGCCAGGTGAAGG G-3 0 , reverse, 5 0 -GCAATTTCTGGCTGGTTGG-3 0 ; IL-6 forward, 5 0 -AATTCGGTACATCCTCGACGG-3 0 , reverse, 5 0 -GGTTGTTTTCTGCCAGTGCC-3 0 ; JunB forward, 5 0 -GG AACAGCCCTTCTACCACG-3 0 , reverse, 5 0 -GGCTCGGTT TCAGGAGTTTG-3 0 ; MCP-1 forward, 5 0 -TCGCCTCCAG-CATGAAAGTC-3 0 , reverse, 5 0 -GGCATTGATTGCATCT GGC-3 0 ; SOD-2 forward, 5 0 -TGCACTGAAGTTCAATG GTGG-3 0 , reverse, 5 0 -CTTCCAGCAACTCCCCTTTG-3 0 ;
Identification of NF-jB-dependent-genes induced by TNFa A Zhou et al Western blot and ELISA analysis Cells were lysed in PD buffer (40 mm Tris-HCl, pH 8.0, 500 mm sodum chloride, 0.1% NP-40, 6 nm EDTA, 6mm EGTA, 5mm sodium fluoride, 1 mm sodium orthovanadate, and 5 mm bglycerophosphate). Western blot analysis was performed following conventional protocols using antibodies for p65 (sc-372, Santa Cruz Biotechnology, Santa Cruz, CA, USA), IkBa (sc-371, Santa Cruz Biotechnology), COX-2 (sc-1745, Santa Cruz Biotechnology), and b-tubulin (T 4026, Sigma). A rabbit polyclonal antibody was generated against SPT5 (Ivanov et al., 2000) . All antibody dilutions used were 1 : 1000 except for COX-2, which was 1 : 100 and SPT5, which was 1 : 500. After extensive washing, the membranes were incubated with either a 1 : 10 000 dilution of anti-goat horseradish peroxidase (HRP) (sc-2020, Santa Cruz Biotechnology), a 1 : 1000 dilution of anti-rabbit HRP (NA934V, Amersham), or a 1 : 1000 dilution of anti-mouse HRP (9A931V, Amersham) and developed using ECL (Amersham). A human GRO-1 ELISA kit was purchased from R&D Systems (Minneapolis, MN, USA) and used according to the manufacturer's instructions.
Identification of NF-kB promoter binding sites
For each gene, the full-length mRNA sequence was blasted against genomic sequences on the National Center for Biotechnology (NCBI) website to identify a genomic clone containing upstream sequences. A 3 kb upstream sequence for each gene was analysed with Gene Runner software (Hastings Software, Hastings on Hudson, NY, USA) to search for the kB motif (GGGRNNYYCC) (Le Bail et al., 1993) .
Statistical analysis
A Student's t-test was used to compare the statistical significance of differences in gene expression levels in the presence and absence of siRNA directed against p65. A Pvalue less than 0.05 was considered to be statistically significant.
